S[ALUTOGENIC]{.smallcaps} L[IFESTYLE]{.smallcaps} {#sec1-1}
=================================================

The benefits of a salutogenic (factors which promote health and well-being) lifestyle on health and longevity are well known. There is ample evidence to show that calorie restriction and exercise improve physical health and enhance the quality of life. Calorie restriction has also been shown to prolong the life span, whereas exercise has been shown to improve the brain function.\[[@ref1][@ref2]\]

E[XERCISE]{.smallcaps} M[IMETICS AND]{.smallcaps} C[ALORIE]{.smallcaps} R[ESTRICTION]{.smallcaps} M[IMETICS]{.smallcaps} {#sec1-2}
========================================================================================================================

Not all individuals, however, are able to practice, and sustain, calorie restriction and/or exercise. This inability may be due to a variety of factors, including biomedical limitations, insufficient psychological willpower, and/or lack of social support. Various drugs have been developed in an effort to achieve the benefits of calorie restriction and exercise, in such persons. These drugs are termed as calorie restriction mimetics (CRMs) and exercise mimetics (EMs), respectively.\[[@ref3][@ref4]\] Such drugs, which overlap with commonly used glucose-lowering agents, work through a few pathways including 5′-adenosine monophosphate-activated protein kinase (AMPK) \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].
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5′-A[DENOSINE]{.smallcaps} M[ONOPHOSPHATE-ACTIVATED]{.smallcaps} P[ROTEIN]{.smallcaps} K[INASE AND]{.smallcaps} M[ETABOLISM]{.smallcaps} {#sec1-3}
========================================================================================================================================

AMPK is a ubiquitous cellular energy sensor, which maintains bioenergetic homeostasis by monitoring and modulating adenosine monophosphate (AMP): adenosine triphosphate (ATP) (and adenosine diphosphate \[ADP\]: ATP) ratios. High AMP concentration (or high AMP: ATP ratio) stimulates AMPK, which in turn promotes catabolic and inhibits anabolic processes, thus leading to conservation of falling ATP levels. AMPK is also regulated by various hormones, including insulin, which is a potent inhibitor of the enzyme. Other inhibitors include leptin and triiodothyronine (T3), whereas known activators are ghrelin and adiponectin.\[[@ref5]\]

A glucose-lowering drug which inactivates or inhibits AMPK, therefore, will act as an insulin mimetic or insulin sensitizer and may reduce insulin requirement in persons with diabetes. Such a molecule should be the drug of choice in persons with "maladaptive anabolism" or overweight/obesity, where catabolic processes need to be activated to maintain homeostasis. These medications may be more helpful if they have proven CRM and EM properties.

5′-A[DENOSINE]{.smallcaps} M[ONOPHOSPHATE-ACTIVATED]{.smallcaps} P[ROTEIN]{.smallcaps} K[INASE AND THE]{.smallcaps} K[IDNEY]{.smallcaps} {#sec1-4}
========================================================================================================================================

Many ion channels, transporters, and pumps are regulated by AMPK in the kidney, and AMPK-dependent regulation of membrane transport proteins is gradually being understood. Treatment with AMPK activators may prevent renal damage in various conditions, including acute ischemia, diabetes mellitus, and polycystic kidney disease, by acting, at least partly, on the regulatory effects of AMPK on solute transport.\[[@ref6]\] Thus, AMPK-activating glucose-lowering drugs may improve renal outcomes as well.

S[ALUTOGENIC]{.smallcaps} P[HARMACEUTICAL]{.smallcaps} L[IFESTYLE]{.smallcaps} M[IMETICS]{.smallcaps} {#sec1-5}
=====================================================================================================

A recently proposed AMPK-based classification of glucose-lowering drugs, in fact, is based on their effect of AMPK. Activators of AMPK include metformin and the thiazolidinediones. Incretin-based therapies have mixed action on AMPK receptors in various tissues.\[[@ref7][@ref8]\]

Metformin acts by binding to the AMPK-γ subunit of AMP and/or ADP, activating the kinase through allosteric effects, and promoting phosphorylation of Thr172 on the AMPK-α subunit. This activates AMPK and restores energy homeostasis by promoting catabolic processes, such as fatty acid oxidation, and inhibiting anabolic pathways, including fatty acid synthesis.\[[@ref9]\] Thus, metformin can be classified as a combined CRM and EM.

S[ODIUM-GLUCOSE]{.smallcaps} C[O-TRANSPORTER]{.smallcaps}-2 I[NHIBITORS]{.smallcaps} {#sec1-6}
====================================================================================

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are a newly developed class of drugs which are proven to have glucose-lowering efficacy and beneficial cardiovascular outcomes.\[[@ref10]\] Their action on AMPK suggests that they may act as CRM and EM.\[[@ref11][@ref12]\]

The phosphorylation of AMPK-α (at Thr172) and acetyl-CoA carboxylase (ACC; at Ser79) is increased by empagliflozin. This finding implies that empagliflozin activates AMPK and enhances fat oxidation in skeletal muscle.\[[@ref13]\]

Another study has found that although dapagliflozin and empagliflozin both activate AMPK, very high concentrations are required for this effect. In comparison, canagliflozin demonstrates AMPK activation at levels which are similar to those seen in therapeutic concentrations.\[[@ref14]\]

The effects of phlorizin and its aglycone form, phloretin, have also been studied. Phloretin activates AMPK and promotes phosphorylation of AMPK and ACC at concentrations slightly higher than canagliflozin, whereas phlorizin has minimal effect, that too at much higher concentrations.\[[@ref15]\]

C[OMBINED]{.smallcaps} S[ALUTOGENIC]{.smallcaps} L[IFESTYLE]{.smallcaps} M[IMETICS]{.smallcaps} {#sec1-7}
===============================================================================================

Such research opens up the possibility of using metformin and SGLT2 inhibitor as salutogenic lifestyle mimetics (SLMs), or salutogenic pills, which mimic both calorie restriction and exercise. In no way do we support the use of SLMs as a preferred alternative to lifestyle management (LSM). However, the SLMs may serve a useful therapy in persons who are incapable of, unwilling to, or unable to follow a healthy lifestyle. They may also be used as adjuncts to LSM, and as part of preventive pharmacotherapeutic regimens in both prediabetes and diabetes.
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